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SUMMARY 

T h i s  r e p o r t  p rov ides  q u a n t i t a t i v e  da ta  and c o l o r  v i s i o n  e v a l u a t i o n  
f o r  severa l  types o f  goggles. The f i r s t  two types a r e  l a s e r  s a f e t y  
dev ices and t h e  o t h e r  t h r e e  are  f o r  dark a d a p t a t i o n  purposes. 
found t h a t  He-Ne l a s e r  s a f e t y  eyewear conforms t o  t h e  Army Regu la t ion  
s p e c i f i c a t i o n .  
be used f o r  o n l y  one s p e c i f i c  purpose. Furthermore, t h e  l a s e r  s a f e t y  
dev ice  cannot be used when a d e t e c t i o n  o f  a r e d  d i s p l a y  o r  a r e d  l i g h t  
source i s  r e q u i r e d .  
t h e  s p e c t r a l  t ransmiss ion  c h a r a c t e r i s t i c s  possess v i r t u a l l y  a common 
d i s t r i b u t i o n .  

It i s  

I t i s  recommended t h a t  one type o f  t h e  s a f e t y  dev ice  

Resu l ts  f rom t h e  dark a d a p t a t i o n  dev ices show t h a t  
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INTRODUCTION 

A1 though severa l  re fe rences '  y 7  y 3  9 4  f o r  e s t a b l i s h i n g  l a s e r  s a f e t y  
c r i t e r i a  a r e  known, t h e  o p t i c a l  c h a r a c t e r i s t i c s  and t h e  s p e c t r a l  t r a n s -  
m i t t a n c e s  o f  t h e  l a s e r  s a f e t y  devices a r e  u n a v a i l a b l e  i n  any pub l ished 
form. Since t h e  u n d e r l y i n g  l a s e r  damaging mechanisms and th resho lds  t o  
t h e  v i s u a l  system remain and s i n c e  t h e  l a s e r  r a d i a t i o n  
powers and i n t e n s i t i e s  vary  g r e a t l y  w i t h  r e s p e c t  t o  t h e  l a s i n g  m a t e r i a l s  
and d u r a t i o n s ,  t h e r e  e x i s t s  no u n i v e r s a l  s a f e t y  dev ice  t h e  o p t i c a l  
q u a l i t y  o f  which w i l l  meet a l l  t h e  r e c e n t  Army s a f e t y  standards and 
r e g u l a t i o n s  (AR 40-46)7. 

The i n c r e a s i n g  use o f  l a s e r s  as m i l i t a r y  e l e c t r o - o p t i c a l  research 
t o o l s ,  range f i n d e r s ,  t a r g e t  des ignators ,  and weapons prompt ly  demands 
s t r i n g e n t  s a f e t y  p r o t e c t i o n  f o r  t h e  users.  

A q u a l i t a t i v e  e v a l u a t i o n  o f  l a s e r  p r o t e c t i v e  eyewear has been 
conducted p r e v i o u s l y ' .  Test  r e s u l t s  showed t h a t  exposure o f  l a s e r  
goggle m a t e r i a l s  t o  s u f f i c i e n t l y  h i g h  l a s e r  energy would cause damage i n  
t h e  form of m e l t i n g ,  b leaching,  b u b b l i n g  o r  s h a t t e r i n g .  Furthermore, 

2 some eye-sa fe ty  p roduc ts  would f a i l  t o  f u n c t i o n  as p r o t e c t i v e  dev ices 
a f t e r  o n l y  severa l  seconds o f  exposure t o  l a s e r  beams o f  about 12 w/cm . 
Nevertheless,  no q u a n t i t a t i v e  a n a l y s i s  o f  t h e  o p t i c a l  q u a l i t y  of t h e  
dev ices has ever  been prov ided.  The purpose o f  t h i s  s tudy  i s  t o  eva lu -  
a t e  two commercial s a f e t y  goggles ( F i g .  1 )  and t o  q u a n t i t a t i v e l y  compare 
t h e i r  s p e c t r a l  t ransmiss ion  c h a r a c t e r i s t i c s .  S i m i l a r  i n f o r m a t i o n  i s  
a l s o  prov ided f o r  t h r e e  r e d  f i l t e r s  ( F i g .  2 )  i n  use as dark a d a p t a t i o n  
devices.  
a v a i l a b l e  elsewhere, a l though f i t t i n g  c h a r a c t e r i s i t c s ,  f i e l d  o f  v iew and 
e f f e c t s  upon c o l o r  v i s i o n  f o r  one o f  t h e  l a s e r  goggles have been pre-  
v i o u s l y  i n v e s t i g a t e d  i n  t h i s  labora tory ' .  
enable t h e  users t o  c a l c u l a t e  t h e  amount o f  ener'gy be ing  t r a n s m i t t e d  
through t h e  s a f e t y  dev ices.  Several  examples o f  t h e  computat ions w i l l  
be g iven t o  i l l u s t r a t e  t h e  a p p l i c a t i o n  o f  t h e  s a f e t y  f a c t o r  a n a l y s i s .  

We b e l i e v e  t h a t  t h e  da ta  presented i n  t h i s  s tudy  a r e  n o t  

Resu l ts  f rom t h i s  s tudy  w i l l  

METHOD 

Devices Tested - The two types o f  l a s e r  s a f e t y  dev ices used i n  t h i s  
s tudy  were denoted as f o l l o w :  ( 1 )  Type I device,  manufactured by 
Ornnitech Inc. ,  Southbr idge, MA 01560, was designed f o r  p r o t e c t i o n  
a g a i n s t  He-Ne l a s e r s  w i t h  power l e s s  than 1 mw. ( 2 )  Type I 1  device,  
made by American O p t i c a l  Corporat ion,  B u f f a  0, N 14215, was f o r  use 

less1 ' .  
w i t h  ruby, neodynium o r  Ga-As l a s e r s  a t  10' $ 3  j / cm energy d e n s i t y  o r  

The frame f o r  t h e  type  I dev ice  was a goggle and f o r  t h e  t y p e  



I 1  device, a spectacle.  
here were (1 )  WW I 1  a v i a t o r ’ s  goggles, ( 2 )  Navy dark adaptat ion goggles 
and ( 3 )  f luorescopy adapt . i t ion goggles. The f i r s t  was manufactured by 
Po la ro id  Corporat ion,  Cambridge, MA and the  second as w e l l  as the  t h i r d  
were made by American Op t i ca l  Corporat ion.  

f i l t e r  w i t h  100 wat t  GE tungsten bulb,  ( 2 )  0.5 mW He-Ne l a s e r  made by CW 
Rad ia t ion  Inc. ,  Mountain View, C a l i f o r n i a .  
t i o n / a n a l y s i s  system had the  f o l l o w i n g  main components: 
scan spectrometer) ,  (2 )  DPO ( d i g i t a l  processl’ng osc i  1 loscope) w i t h  4K 
storage memory. 
and (3 )  PDP 11/05 w i t h  24K memory and a casset te  1/0 dr i ve .  
4010-1 TTY and 4610 hardcopier  were the  accessor ies t o  the  system. 

The th ree  red, dark adaptat ion devices used 

Apparatus - The two l i g h t  sources used were (1 )  Macbeth d a y l i g h t  

The automat ic data acqu is i -  
(1 )  RSS ( r a p i d  

(Both are made by Tek t ron ix  Inc., Beaverton, Oregon. ) 
Tek t ron ix  

Experimental Design and Procedure 

F igure  3 shows the  exper imental  arrangement. The l i g h t  source 
( e i t h e r  coherent o r  incoherent  source) was on the  o p t i c a l  a x i s  o f  t he  
RSS and the  d i s tance  between them was 20 cm. The device t o  be tes ted  
was placed between the  RSS and the  l i g h t  source. 
e l e c t r o n i c a l l y  connected w i t h  the  RSS as schemat ica l ly  shown i n  the  
f i g u r e .  

Other u n i t s  were 

Two separate exper imental  procedures were used. The f i r s t  pro-  
cedure was t o  measure the  spec t ra l  t ransmi t tance (ST) o f  each device.  
The bas ic  technique was descr ibed i n  d e t a i l  elsewhere’’. 
measurement process i nvo l ved  the  d i v i s i o n  o f  the spec t ra l  power spect ra 
w i th /w i thou t  the  device i n  the  o p t i c a l  axis, 
spectrum had been d i g i t i z e d  i n  the  DPO and the computation processes 
were done i n  the  PDP 11/05 through the  c o n t r o l  of severa l  computer 
programs s to red  i n  the  memory. 

B r i e f l y ,  the  

O f  course, each continuous 

The second procedure was t o  o b t a i n  the ST a f t e r  t h e  l a s e r  safety  

The data a c q u i s i t i o n  and ana lys is  were the same as those of 

devices were cont inuously  exposed t o  the  l a s e r  f o r  dura t ions  of 5 and 10 
minutes respec t ive ly .  
devices. 
t he  f i r s t  procedure. 

I t  enabled us t o  evaluate the  r e l i a b i l i t y  of the  

RESULTS 

Figure 4 i s  the  power spectrum o f  He-Ne lase r .  The ord ina tes  are  
the  r e l a t i v e  energy w i t h  20 nw/div and the  abscissa are  the  wavelengths 
f rom 400 t o  800 nm with 40 nm/div. 
coherent source i s  about 10 nm centered a t  632.8 nm. 

The o p t i c a l  d i spe rs ion  of the 
F igu re  5 

2 



i s  t h e  1931 C I E  c h r o m a t i c i t y  diagram o f  t h e  l a s e r .  
c h r o m a t i c i t y  c o o r d i n a t e  va lues a r e  0.6933, 0.3067 and 7 X 10’ 
r e s p e c t i v e l y .  
t h e  diagram, i n d i c a t i n g  t h e  source l o c a t i o n  p l o t t e d  on t h e  C I E  diagram. 

d a y l i g h t  lamp ( i n c o h e r e n t  l i g h t  source) .  The m i d d l e  curve i s  t h e  power 
spectrum when t h e  t e s t i n g  dev ice  i s  on t h e  o p t i c a l  a x i s .  
curve  i s  t h e  background ambient l i g h t  power spectrum when t h e  l i g h t  
source i s  o f f .  The absc issa and o r d i n a t e s  a r e  s i m i l a r  t o  those i n  
F i g u r e  4 except  t h e  o r d i n a t e  s c a l e  i s  50 nw/div.  

The X ,  Y a9d Z 

It i s  n o t i c e d  t h a t  t h e  arr‘ow 4s  l o c a t e d  a t  t h e  edge o f  

The upper curve i n  F i g u r e  6 i s  t h e  powet spectrum o f  t h e  Macbeth 

The bot tom 

Resu l ts  o f  ST curves f o r  t h e  two types o f  l a s e r  sa fe ty  goggles a r e  
shown i n  F igures  7 and 10 r e s p e c t i v e l y .  
types o f  a d a p t a t i o n  goggles a r e  presented i n  F igures  12, 13 and 14. 
S ince  t h e  a t t e n u a t i o n  f a c t o r  i s  i n  t h e  o r d e r  o f  thousands, t h e  ST curve  
i s  u s u a l l y  nonsmoothed. However, a t  t h i s  p o i n t ,  a computer program i s  
u t i l i z e d  t o  smooth t h e  curve. ( T h i s  computer program i s  a t tached i n  t h e  
appendix.).  F igures  9 and 
11 a r e  t h e  C I E  c h r o m a t i c i t y  diagrams o f  t y p e  I and I 1  goggles r e s p e c t i v e l y .  
The c h r o m a t i c i t y  c o o r d i n a t e  va lues a r e  shown a t  t h e  upper p o r t i o n  o f  t h e  
graph. The arrow i n  each f i g u r e  i n d i c a t e s  t h a t  t h e  c o l o r  o f  t h e  dev ices  
f a l l s  i n  t h e  green reg ion .  The l a t t e r  i s  t h e  more s a t u r a t e d  o f  t h e  two, 

The ST curves f o r  t h e  t h r e e  

F i g u r e  8 shows t h e  smooth curve o f  F i g u r e  7. 

F i g u r e  15 summarizes t h e  ST curves o f  a l l  t h e  dark a d a p t a t i o n  
goggles. 
shape a l though t h e  WW I 1  goggles were made about t h r e e  decades b e f o r e  
t h e  o t h e r  two goggles. The c h r o m a t i c i t y  c o o r d i n a t e  va lues a r e  shown on 
t h e  bottom of each f i g u r e .  The s c a l e  i n  t h e  o r d i n a t e s  i s  1 nw/d iv  and 
t h e  absc issa i s  t h e  wavelength f rom 400 t o  800 nm w i t h  40 nm/div. The 
same absc issa a l s o  a p p l i e s  t o  t h e  l a s t  t h r e e  f i g u r e s .  

It i s  i n t e r e s t i n g  t o  n o t e  t h a t  they  have t h e  same genera l  

The s c a l e  o f  t h e  o r d i n a t e  i n  F igures  16, 17 and 18 i s  100 pw/div.  
A l l  o f  these f i g u r e s  c o n t a i n  smoothed curves. The ST curves f o r  5 and 
10 minutes a r e  
g i v e s  t h e  comparison between them. 
a lmost  i d e n t i c a l .  
exper iment  s i n c e  we had o n l y  t h e  He-Ne l a s e r .  A lso,  we d i d  n o t  use t h e  
average ST as we d i d  i n  our  p rev ious  s t u d i e s 1 1 y 1 2  s imp ly  because t h e  ST 
i n  t h i s  s tudy  i s  n o t  u n i f o r m  across t h e  s p e c t r a l  range. 

r e s p e c t i v e l y  shown i n  F igures  16 and 17. F i g u r e  18 
I t i s  noted t h a t  t h e  curves a r e  

We used t h e  type  I dev ice  f o r  t h i s  p o r t i o n  o f  t h e  

DISCUSSION AND CONCLUSION 

Army Regu la t ion  40-46 s p e c i f i e s  t h a t  t h e  p r o t e c t i o n  s tandard f o r  
intrabeam v i e  i n g  by t h e  eye f o r  t h e  cont inuous wave (CW), He- e l a s e r  
i s  2.5 mw.cm-! a t  0.25 second exposure d u r a t i o n  and i s  luW tm-’ a t  

3 



4 t o  8 hours i n  t h e  use o f  o p t i c a l  al ignment’.  The l a s e r  beam diameter  
used i n  t h e  s tudy i s  approx imate ly  1.2 mm. 
passed through t e p r o t e c ’ i v e  dev ices a f t e r  10 minute exposure i s  i n  t h e  
o r d e r  o f  5 X lo- ’  w. ThuL t h e  r a d i a t i e n  d e n s i t y  penet ra ted  through t h e  
p r o t e c t i v e  dev ice  i s  0.44 i( 10-1 mwcm- which i s  lower  than t h a t  o f  t h e  
s p e c i f i e d  s tandard (2.5 mw.cm-’). 
through a l i n e a r  o p t i c a l  medium i s  i n  genera l  p r o p o r t i o n a l  t o  t h e  power 
o f  t h e  l a s e r .  
t h e  s p e c i f i e d  hazardous s tandard o f  2.5 mw cm-’ a t  an exposure d u r a t i o n  
o n l y  one q u a r t e r  o f  a second (assuming t h a t  t h e  beam diameter  i s  s t i l l  
1.2 mm). 
l a s e r  p r o t e c t i v e  dev ices,  t h e  present  a n a l y s i s  shows t h a t  i t  i s  w i t h i n  
t h e  s p e c i f i e d  AR s a f e t y  range. 

The mean l a s e r  energy 

The amount o f  energy penet ra ted  

Th is  i m p l i e s  t h a t  a 60 mw o r  mo e He-Ne l a s e r  w i l l  exceed . 

Since t h e  t y p e  I goggles a r e  made f o r  t h e  use o f  low power 

Caut ion has t o  be taken when d e t e c t i o n  and/or v iewing  o f  a r e d  
d i s p l a y  o r  o b j e c t  i s  r e q u i r e d .  Since t h e  dev ices t r a n s m i t  v i r t u a l l y  no 
l i g h t  beyond 560 nm, any l i g h t  source beyond t h e  y e l l o w - r e d  r e g i o n  w i l l  
n o t  be seen. 
dark -adapta t ion  goggles. They t r a n s m i t  l i g h t  beyond 560 nm. I n  add i -  
t i o n ,  t h e  authors wore t h e  Type I and I 1  l a s e r  s a f e t y  goggles f o r  one 
and a h a l f  hours and t e s t e d  t h e i r  c o l o r  v i s i o n  w i t h  t h e  Nagel-Schmidt 
Anomaloscope a f t e r  5, 15, 45, 60 and 90 minutes o f  wear ing t i m e  and 
found no s i g n i f i c a n t  changes from t h e i r  pre-wear ing r e s u l t s .  
goggles were removed o n l y  d u r i n g  t h e  s h o r t  p e r i o d  r e q u i r e d  t o  g’be t h e  
t e s t .  
ever, t h a t  t h e  t y p e  I 1  goggle has a more severe e f f e c t  on c o l o r  v i s i o n  
w h i l e  be ing  worn than t h e  Type I. 
O p t i c a l  Hardy, Rand, R i t t l e r  c o l o r  v i s i o n  t e s t .  

The e x a c t  o p p o s i t e  s i t u a t i o n  occurs f o r  t h e  t h r e e  types o f  

The 

Post  wear ing r e s u l t s  were a l s o  unaf fec ted .  I t  was found, how- 

T h i s  was noted w i t h  t h e  American- 

I n  summary, t h i s  s tudy  has prov ided q u a n t i t a t i v e  da ta  f o r  severa l  
types o f  goggles. 
l a s e r  p r o t e c t i o n  and t h e  o t h e r  t h r e e  types a r e  f o r  dark a d a p t a t i o n  
purposes. I t  i s  found t h a t  t h e  He-Ne l a s e r  s a f e t y  goggels a r e  adequate 
i n  terms o f  t h e  Army Regu la t ion  s p e c i f i c a t i o n .  
t h r e e  types show t h a t  t h e  s p e c t r a l  t ransmiss ion  c h a r a c t e r i s t i c s  possess 
v i r t u a l l y  a common shape. 
d e v i c e  be used f o r  o n l y  one s p e c i f i c  purpose. 
s a f e t y  dev ice  cannot be used when a d e t e c t i o n  o f  a r e d  d i s p l a y  o r  l i g h t  
source i s  r e q u i r e d .  
s p e c t r a l  curve has a l s o  been developed. 

The f i r s t  two types o f  s a f e t y  dev ices a r e  made f o r  

Resu l ts  f rom t h e  o t h e r  

I t i s  recommended t h a t  one type o f  t h e  s a f e t y  
Furthermore, t h e  l a s e r  

A computer program f o r  smoothing t h e  “ n o i s y ”  
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FIGURE 3 .  Experimental Arrangement 
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FIGURE 4. Spectral Power Distribution of HE-NE Laser 
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FIGURE 5. C I E  Chromaticity Diagram of HE-NE Laser 
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FIGURE 6 .  Power Spectral Distributions of Macbeth Daylight Lamp with 
and without Safety Device in the Optical Axis. 



60 

40 

20 

0 

400 600 -3 DIU 800 

Wavelength (nm) 

FIGURE 7 .  Unsmoathed Spectral Transmittance of Type I Goggles 
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FIGURE 8. Smoothed Spectral Transmittance of Type I Goggles 
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FIGURE 9. CIE Chromaticity Diagram of Type I Goggles 
with Macbeth Light Source 
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FIGURE 10. Unsmoothed Spectral Transmittance of Type I 1  Device 
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FIGURE 12. Spectral Transmittance for WW I1 Dark Adaptation Goggles 
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FIGURE 13. Spectral Transmittance for Navy Dark Adaptation Goggles 
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FIGURE 14. Spectral Transmittance for Fluoroscopy Dark Adaptation Goggles 
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FIGURE 15. Comparison of S.T. for WW 11, Navy 6 Fluoroscopy 
Dark Adaptation Goggles 
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FIGURE 16. Power Energy Transmi t ted  Through Device I 
After 5 Minutes Exposure 
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FIGURE 17. Power Energy Transmit ted Through Device I 
Af te r  10 Minutes Exposure 
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FIGURE 18.  Compared Power Energy Transmit ted Through Device I 
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APPEND1 X 

COMPUTER PROGRAM FOR .=MOOTHING THE "NOISY" CURVE (FROM STEP 300 TO 340) 




